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SYSTEM AND METHOD FOR LOCATING A DATA FRAME 
WITHIN A TRANSMITTED DATA STREAM 

Field of the Invention 

5 The present invention relates generally to data communications, and 

more particularly to identifying a received data frame within a data stream. 

Background of the Invention 

^ Consumer electronics of almost any size now include controllers or 

y processors and perform many functions that used to be exclusively within the domain of 

10 the desktop computer. One category of such devices, mobile devices, previously 
dedicated to receiviug limited data such as alphanumeric paging, is now being utilized 
■Jl to receive other data in addition to alphanumeric paging. Some mobile devices now 

is allow users to connect to the Internet and browse web sites; other mobile devices now 

'\Z allow users to check and send email. Those devices, and other devices, receive data 

ftl 15 asynchronously that is transmitted over a wireless communications link. To ensure 
Q proper reception of that data, the system should provide some mechanism for 

identifying what data has been received. 

hi other words, when transmitting data, a transmitting entity generally 
transmits a stream of data to a receiving entity. If the receiving entity begins receiving 
20 the data at some point other than at the beginning of the stream, the receiving entity 
should be able to identify what portion of the stream has been received. Often, if the 
receiving entity and the transmitting entity use different clocks, identifying exactly what 
portion of the stream has been received is difficult. One solution to this problem is to 
simply not support the reception of anything less than the entire stream. This is less 
25 than a desirable solution. However, an efficient and usable solution to this problem has 
eluded those skilled in the art. 
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Smnmarv of the Invention 

This sunmiary of the invention section is intended to introduce the reader 
to aspects of the invention and is not a complete description of the invention. Particular 
aspects of the invention are pointed out in other sections herein below and the invention 
is set forth in the appended claims, which alone demarcate its scope. 

The present invention is related to a system and method for locating a 
data frame within a transmitted data stream. More specifically, the invention is directed 
at a system and method for receiving a portion of a segmented data stiream and 
determining the location within the data stream of the received portion. 

Briefly stated, the invention provides a system and metiiod for 
ti-ansmitting a segmented stream of data, wherein a synchronization pattern is 
distiibuted over a predetermined number of segments within the stream of data. For 
example, the synchronization pattern may be distributed over a frame of 16 segments, 
and repeated for every 16-segment firame witiiin the stiream. A different frame index 
may be assigned to each frame. Each frame index is then distiibuted over the segments 
within tiie respective frame. As segments are received, a receiver collects each part of 
the distiibuted synchronization pattern from the received segments, and correlates the 
synchronization pattern with a locally stored synchronization pattern. A proper 
correlation results in a peak signal, indicating to the receiver where the beginning and 
end of the frame are. Once that information is determined, the receiver recombines the 
frame index to identify which frame within tiie sti:eam of data has been received. 

In one aspect, a system for providing a synchronization pattern includes 
a broadcast fransmitter, a receiving device, and a broadcast signal. The broadcast 
ti-ansmitter is configured to ti^mit the broadcast signal on a predetermined schedule. 
The receiving device includes a receiver configwed to receive the broadcast signal. The 
broadcast signal includes a segmented information signal wherein a synchronization 
pattern is distiibuted over a number of segments, and a frame index is distributed over 
those segments. The distributed synchronization pattern is used to identify a frame of 
segments, and the frame index is used to identify which frame has been received. 

In another aspect, a method for providing a synchronization pattern 
system includes the steps of generating a synchronization pattern, distributing tiie 



synchronization pattern over a segmented information signal, generating a segmented 
index, distributing the segmented index, and transmitting the segmented information 
signal over a transmission medium. In this aspect, distributing the distributed 
synchronization pattern defines boundaries between groups of segments in the 
segmented information signal. The step of distributing the segmented index is 
accomplished by distributing the segmented index over a particular group of segments 
in the segmented information signal, wherein the segmented index distinguishes the 
particular group of segments from other groups of segments. 

In yet another aspect, a method for communication steeam 
synchronization in a communications receiver includes the steps of receiving a 
segmented information signal, collecting a distributed synchronization pattern from the 
segmented information signal, collecting a distributed frame index from the segmented 
information signal, correlating the collected distributed synchronization pattern with a 
known synchronization pattem, and evaluating the collected disttibuted fi^e index. 
The step of correlating the collected distributed synchronization pattem includes 
correlatmg the collected distributed synchronization pattem with a known 
synchronization pattem to define boundaries for groups of segments in the segmented 
information signal. The step of evaluating the collected distributed segment index 
identifies which group of the groups of segments in the segmented information signal 
has been received. 

Brief Descriptioii of the Drawings 

FIGURE 1 is a functional block diagram of a sample communication 
environment in which the present invention may be unplemented. 

FIGURE 2 is a fimctional block diagram illustrating one implementation 
of the invention in a wrist-wom mobile device, such as a watch. 

FIGURE 3 is a graphical representation of a data construct or format for 
transmissions by a communications system implementing one embodiment of the 
present invention. 

FIGURE 4 is another graphical representation of a data construct or 
format for a data segment according to one embodiment of the present invention. 



FIGURE 5 is yet mother graphical representation of a data construct or 
format for a data frame according to one embodiment of the present invention. 

FIGURE 6 is still another graphical representation of a data construct or 
format for a data frame according to one embodiment of the present invention. 

Detailed DescriDtion of the Preferred Embodiment 

The present invention is related to a system and method for locating a 
data frame within a transmitted data stream. Among other things, disclosed is a 
protocol designed to receive a portion of a segmented data stream and determine the 
location in the segmented data stream of the received portion. 

Illustrative Operating Environment 

FIGURE 1 is a functional block diagram of a sample communication 
system 100 that benefits from the teachings of the present invention. The disclosed 
communication system 100 includes three main operating components: a watch 101, a 
broadcast fransmitter 103, and a localcast transmitter 105. As is illustrated in 
FIGURE 1, the broadcast transmitter 103 transmits broadcast signals (e.g., broadcast 
signal 109), over FM subcarriCTs to a number of mobile or fixed devices, including the 
watch 101 and a computer 115. The computer 115 may be attached to the localcast 
fransmitter 105 and fransmits localcast signals (e.g., localcast signal 111) to mobile 
devices in the immediate vicinity of the computer 115. The localcast fransmitter 105 
may also be configured to connect directly to the fritemet through, for example, an 
Ethernet connection. The watch 101 is described in greater detail below in conjunction 
with FIGURE 2. 

The normal operation of the watch 101 is receiving data broadcast via 
FM subcarrier (e.g., broadcast signal 109). A local dfrect FM "localcast" receiving 
mode is also available (e.g., localcast signal 111). Watches may also be set to 
communicate with nearby watches, other mobile devices, or even fixed computer 
systems, one-on-one, in a half-duplex two-way messaging mode. 

Although described here in the context of a watch-based mobile system, 
it will be apparent that the teachings of the application have equal applicability to any 



communication system whether mobile or otherwise. For example, the teachings of the 
present invention may have equal ^plicability in wired systems for data transmission 
between two components, such as between portable computers, personal digital 
assistants (PDAs), cellular telephones, and the like. Moreover, the teachings of the 
present invention have appUcabiUty to data transmissions between two or more 
subcomponents of any of those components, such as between a hard disk controller and 
a system bus controller, or the like. The use of a watch is for illustrative purposes only 
to simplify the following discussion. 

FIGURE 2 illustrates an example of an operating environment in which 
the invention may be implemented as a mobile device, for example, a watch (101). In 
this example, the watch 101 is composed of four sub-components: a watchband 
antenna 205, an analog radio 207, a digital transceiver 209, and a Microcomputer 
assembly (the "MCU") 211. hi this embodiment, the antenna 205 includes a watchband 
loop antenna and discrete andog tuning elements. The antenna 205 may be a 
conducting loop embedded in the watchstr^. 

The watchbfflid antenna 205 connects to, and is controlled by, the 
transceiver 209. The MCU 211 controls may include running an operating system, an 
appHcation, a presentation, a connection, and data selection activities, as well as to drive 
the user I/O devices at the physical level. The MCU 211 interfaces to other components 
of watch 101 through the transceiver 209. 

The transceiver 209 further includes a digital signal processor (DSP) 221 
and a real time device (RTD) 223. The digital signal processor (DSP) 221 perfonns 
control, scheduling and post-processing tasks for the transceiver. The real time 
device (RTD) 223 further includes a digital radio, system timing, and real-time event 
dispatching. 

hi one example, the MCU 211 may be instructed (through user 
interaction or control) to retrieve selected data, which is known to be broadcast over the 
communications network. The broadcast signal (see FIGURE 1) may be constantly 
transmitted as a lengthy stream of data. The MCU 211, using the mechanisms and 
technique described below, determines where within the stream of data a particular 
received portion lies. Generally stated, the stream of data is segmented and a frame 



index is distributed among multiple segments. By receiving at least a number of 
segments great enough to recombine the distributed frame index, the receiving station 
(e.g., watch 101) can identify which segments within the stream have been received. 

The operating environment shown in FIGURE 2 is only one example of 
5 a suitable operating environment and is not intended to suggest any limitation as to the 
scope of use or functionaUty of the invention. Other well known computing systems, 
environments, and/or configurations that may be suitable for use with the invention 
include, but are not limited to, personal computers, server computers, hand-held or 
laptop devices, multiprocessor systems, microprocessor-based systems, programmable 
10 consumer electronics, network PCs, minicomputers, mainframe computers, distributed 
computing environments that include any of the above systems or devices, and the like. 

Illustrative Communication stream synchronization Scheme 

FIGURES 3-6 illustrate an example of a data format for communications 
according to one embodiment of the present invention. The disclosed embodiment is 
15 but one illustrative format, and alternatives that fall within the spirit and scope of the 
invention will become readily apparent from the teachings of the present invention to 
those skilled in the art. 

FIGURE 3 is a graphical representation of a data construct or format for 
transmissions by a communications system implementing the present invention. In 
20 FIGURES, data stream 300 includes one or more frames (3 10-3 In). Each frame 
(3 10-3 In) includes one or more segments (320-350). In one example, data stream 300 
may be composed of 20,480 segments, with each segment including a portion of data 
and a 4-symbol header. 

The frame is the basic partition in the data stream 300. In one 
25 embodiment, successive frames are assigned sequential numbers, with the emmieration 
being reset daily. In one example, the first frame might start after midnight and be 
identified as "Frame Zero. " 

In accordance with the invention, each frame number or " frame index" 
is distributed among the several segments in the respective frame so that the frames 
30 within the data stream 300 are uniquely identifiable rather than each individual 
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segment. The division of frames is further discussed in detail in FIGURE 5. The 
format of an embodiment of a segment of the distributed frame index is illustrated in 
detail in conjunction with FIGURE 4. 

As illustrated in FIGURE 4, each segment 320 contains a number of data 
bits, including synchronization information for the digital signal processing process. In 
one embodiment, the received segments are reassembled into packets by receiver 
hardware, and analyzed shortly after the last segment is received. Each segment 320 
further includes a synchronization bit 431, a frame index bit 433, additional data 
bits 435, and timing marker bits 437. 

Li this example, the first 3 symbols (timing marker bits 437) of the 
header are a fixed pattern that marks the start of a segment. The fixed pattern is used 
for timing recovery. The fourth symbol then contains bits 43 1 and 433. The first bit of 
the fourth symbol, synchronization bit 431, is one bit of a distributed synchronization 
pattern, such as a 15-bit Unear feedback shift register pattern (LFSR) (padded to 16-bits) 
distiibuted over 16-segments. See FIGURE 5 and its associated text for a discussion of 
the use of the synchronization bit 431. The final bit of the fourth symbol is the frame 
index bit 433 which is described below in conjimction with FIGURE 6. 

FIGURE 5 is another graphical representation of a data construct or 
format for transmissions by a communications system implementing one embodiment 
of the present invention. In FIGURE 5, data sti-eam 500 includes frames (510-5 In) 
where each fi^e 510, 511, 512 is delineated by a frame boundary (520, 521, 522). 
Each firame includes a predetermined number of segments (320-350), 16 in this 
example. Each segment (320-350) includes a synchronization bit 431, as mentioned 
above, that includes one bit of a distiibuted synchronization pattern. One example of 
such a distiibuted synchronization pattern is a 15-bit LFSR pattern with one pad bit (16 
total bits) distiibuted over a 16-segment frame, and repeated for each frame in the data 
stream 500. 

While a variety of binary bit patterns may be employed for the 
synchronization pattern, it is desirable to generate a pattem that has good randomness 
properties. That is, a synchronization pattern of length N should have a correlation 
function with the property tiiat 



F(0) = N,and 

F0 = |1/N|, forl<j<N-l. 

Because an algorithm using a finite state machine produces a periodic 
sequence, long period sequences are employed, called pseudo-random (PN) sequences, 
for synchronization patterns. A maximal-length pseudo-random binary sequence may 
be readily generated using finite (Galois) field mathematics. It may be shown that a full 
period correlation fimction of maximal-length sequences generated by linear feedback 
shift registers substantially satisfy the properties above. 

For example, the period, N, of pseudo-random number sequences 
generated by an LFSR consisting of m-bit registers is equal to that of maximum linearly 
recurring sequences, 2"^ -1. That is, an identical set of pseudo-random numbers is 
generated repeatedly for every period of N=2™ -1. In one full period, N, a binary 
sequence contains exactly l*""' ones, and 2*"-^ -1 zeroes. Moreover, the correlation 
function is approximately N for zero delay, and approximately -1/N at all other times. 
For large N, the above randomness properties substantially are satisfied. Although the 
present invention employs an LFSR with a PN sequence of length N = 1 5, m may be of 
any positive, non-zero integer value. 

It will be appreciated that a synchronization pattern may be generated by 
a variety of techniques, and the technique for generating the synchronization pattern 
employed should not be construed as limiting the scope of the invention. For example, 
the synchronization pattern may be generated by a Fibonacci implementation LFSR, a 
Galois implementation, or any software techniques, electronic techniques, or a 
combination of software and electronic techniques to produce a pseudo-random number 
sequence with the described randomness properties, or similar bit sequence that is 
uniquely identifiable from the information data. 

In one embodiment, when performing mitial lock-up, the receiver (e.g., 
watch 101) receives incoming data and collects the synchromzation bits 431 from each 
received segment. The collected synchronization bits 431 are then recombined and 
correlated with local syuchronization pattem data that corresponds to the transmitted 
synchromzation pattern. The synchronization bits of the incoming segments are 
compared by convolving each bit of the incoming synchronization pattem with a 
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substantially identical local synchronization pattern. At some point, the synchronization 
bits of the incommg segments will correlate with the local synchronization pattern data 
into a correlation peak, thereby identifying a 16-segment frame. In this manner, the 
beginning and end (the frame boundaries) of each frame are identified. 

In this embodiment, local synchronization pattern data within watch 101 
may have been stored in a component within watch 101. In another embodiment, 
watch 101 might contain components capable of generating the necessary 
synchironization pattern data. 

FIGURE 6 is a graphical representation of a data constiiict or format 
used in transmissions by a communications system implementing the present invention 
to identify where within data sfream 600 the received segments are located. Illustrated 
in FIGURE 6 are several segments 630-636. In tiiis illustration, for simplicity, a 
frame 610 includes seven segments. Each segment (630-63n) includes a frame index 
bit (640-64n) that is part of a frame index distributed over each segment in frame 610. 

In one embodiment, an effective error correcting code may be used to 
lessen the effects of potential loss during data ti^smission. The error correcting code 
employed may be a forward error correcting code.and include a number of bits equal to 
the number of segments included in tiie frame. In this embodiment, each bit is either an 
information bit or a redundant bit (see FIGURE 4 and discussion) used to establish the 
current segment number (divided by 16). hi one example, the disfributed frame index 
code is protected witii a Hamming code, so that the distributed frame index can be used 
with a high degree of confidence. A Hamming code is able to protect an information 
signal from a single error on the channel by adding redundant bits to the signal. In 
FIGURE 6 the Hamming code is a (7,4) Hamming code including 4 bits of infomiation 
(642, 644, 645, 646) and three parity bits (640, 641, 643), also known as redundant bits. 

In this particular embodiment, each sequence of bits (information bits 
plus redundant bits) is called a code word. In one example, the first redundant bit (640) 
is chosen so that tiie sum of ones in the first three information bits (642, 644, and 646) 
plus tiie first redundant bit (640) amounts to an even number. (This calculation is called 
a parity check, and tiie redundant bit is called a parity bit.) The second parity bit (641) is 
chosen so tiiat the sum of the ones in the middle three information bits (642, 645, 646) 



plus the second parity bit (641) is even, and the third parity bit (643) is chosen so that 
the sum of ones in the last three information bits (644, 645, and 646) and the last parity 
bit (643) is even. 

The Hamming code can correct a single channel error by recomputing 
5 the parity checks. A parity check that fails indicates an error in one of the positions 
checked, and the two subsequent parity checks, by process of elimination, determine the 
precise location of the error. Therefore, the Hamming code can correct any smgle error 
that occurs in any of the seven positions. If two or more errors occur, however, the 
decoder may choose the wrong code word, or in the altemative, allow the component 
10 decoding the data stream to identify the stream as corrupt, 
p hi another embodiment, a (15,11) Hamming code padded with an extra 

bit to achieve an (16,11) extended Hamming code could be used. The extended 

T|i Hamming code scheme maintains a distance of 4 and allows synchronization from 16 

•■rf= •. 

jjl segments. Synchronization can be obtained in the presence of noise, as well as in any 

15 continuous stream of data with virtually no gaps. For example, the present invention 
hk may be employed for use in synchronization in disk drives or across a communications 

m bus to provide high performance without data loss. 

|;if Additionally, the (16,11) extended Hamming code allows segment 

hfc numbers to be computed when the 16 segments captured are not from the same 16- 

20 group of segments. This may be accomplished using a split bit field in the count pattern 
in conjunction with a known offset value. In short, once the frame boundaries are 
identified using the distributed synchronization pattern (as described in conjunction 
with FIGURE 5), the receiver can then identify which particular frame or frames have 
been received from the frame index bits of the several segments within each frame (as 
25 described in conjunction with FIGURE 6). 

The above specification, examples, and data provide a complete 
description of the manufacture and use of the composition of the invention. Sioce many 
embodiments of the invention can be made without departing from the spirit and scope 
of the invention, the invention resides in the claims hereinafter appended. 

30 
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